Abstract During a period of 6 years (1990)(1991)(1992)(1993)(1994)(1995)(1996), 154 patients with unilateral gonarthrosis underwent proximal tibial osteotomy using 3 different methods of external fixation: (1) closing wedge osteotomy and bilateral fixation; (2) closing wedge osteotomy with unilateral fixation, and (3) opening wedge osteotomy with unilateral fixation. The most common complications were pin-tract infection (25%), temporary nerve palsy (10%), and loss of alignment (17%). At least one complication developed in 33% of patients in this study, indicating that the use and technique of external fixation in proximal tibial osteotomy can be problematic.
Introduction
Today the benefits of proximal tibial osteotomies for knees with angular deformities and unicompartmental osteoarthritis are generally accepted within certain specific limitations [5] . Various methods of fixation have been described, such as staples [1, 2, 11] , the Charnley external fixation device [6, 20] , AO plate [7] , plate and screws [10] , and a unilateral external fixation system [14, 16] .
Since 1990 we have used 2 different systems for external fixation -either the standard AO-external fixator or the Heidelberg unilateral fixation system. We have assessed the value of these fixation devices, studying the duration of treatment, the incidence of complications and the stability of the alignment that they produce.
Patients and methods
Over a period of 6 years (1990-1996) , 154 patients with unilateral gonarthrosis were treated by a proximal tibial osteotomy using external fixation. The clinical and radiological follow-up ranged from 6 months to 6 years with a mean duration of 1.5 years. Until removal of the fixation device, patients were seen at least every 2 weeks, and at least twice a year after removal. The medial compartment was affected in 132 patients, and the lateral compartment was affected in 22 patients.
Two groups of surgeons carried out 2 methods of fixation using: (a) the bilaterally fixed AO external fixator, and (b) the unilateral Heidelberg Fixator System (Zimmer). Distribution of the patients was at random, and was not influenced either by clinical factors or the surgeon. A closing wedge osteotomy was performed in the AO group. Where unilateral fixation was used, an opening-wedge osteotomy was performed when there was pre-operative ligamentous laxity, and this was carried out in 31 (HD-open group) of the 78 patients in that group; thus, there were 3 groups to study (Table 1) .
There was no significant difference between the 3 groups regarding sex or the side of the operation (Table 1 ) (P<0.1, chisquare-test), length of follow-up, mean age, and height and weight (P<0.1, one-way analysis of variance [ANOVA]).
The day the patients were able to walk bearing full body weight without aids or bandages was considered the end of treatment. The period of hospitalization, and the length of time before the removal of the fixation method used, were also documented. Alignment was measured using 'one leg standing roentgenographs' where any deviation from the mechanical axis was noted. Statistical assessment of the stability of alignment was made: (1) the mean value of deviation was compared pre-operatively, post-operatively, at the time of removal of the fixation device, and again at the last follow-up; (2) the degree of post-operative change of the axis in either direction was measured -either overcorrection (+) or undercorrection (-) -providing a fairly reliable method of assessing the stability of the method used; (3) we calculated in how many cases a change of more than 3°could be detected. Changes of less than 3°were ignored as, according to Odenbring [12] , such a deviation cannot be assessed by conventional X-ray views.
Statistical analysis was carried out using the SPSS program. Parameters such as varus/valgus, sex and site of operation were evaluated by cross-tabs using the chi-square-test. The same test was used for the assessment of complications. Differences in age, height, weight and duration of treatment as well as pre-and post-operative alignment were explored with the univariate ANOVA using the Turkey-B test. A significant difference was found with P<0.1.
Results
Patients in all 3 groups stayed an average of 19 days in hospital (P<0.1), but a significant difference was found in the time before removal of the external fixation method (P<0.1). In the AO group it was removed after 54 days, in the HD-close group it was removed after 57 days, and in the HD-open group it was removed after 65 days (P<0.1). Full weight-bearing walking without aids was achieved after an average of 84 days and there were no significant differences between the 3 groups (P<0.1).
The most common complications were pin-tract infections (Table 2 ). Inflammation or "secretion" occurred in at least 25% of patients, and wound-healing problems appeared in 7%, but there were no examples of osteitis or osteomyelitis. Antibiotic treatment was required in 22%, and of these 16% were pin-tract infections. The appearance of an infection was not influenced by the type of osteotomy or of fixation (P>0.5).
Chronic peroneal palsy only occurred in 3 cases, but a temporary palsy of the peroneal nerve, or weakness of the extensor hallucis longus, was found in 10% (Table 2) . Open-wedge osteotomy did not produce peroneal palsy. No difference was noted in the incidence of nerve damage in those patients treated with the AO and the HD fixation device where the closing-wedge technique was used.
Thirty-four complications required further surgery (Table 2 ). Either a pin or the fixation device were removed due to infection in 9% of patients. Deep wound infection required surgical revision in 5 patients. Alignment needed correction in 9% of patients.
Pre-operative varus deviation ranged from 2°to 18°( average 9.2°) in knees with medial gonarthrosis. Patients with lateral gonarthrosis had a mean valgus deviation of 7.8°(range: 4-14) (Table 3) . Correction in varus gonarthrosis was 10.1°with no significant difference between the groups. Valgus deviations were corrected by a mean of 7.8° (Table 3 ). Those patients with varus gonarthrosis on whom a closing-wedge osteotomy had been performed were slightly overcorrected (mean=0.9°). A physiological mechanical axis of 0-2°was achieved in 75% of patients with pre-operative varus deformities, whereas a moderate over-correction (3-5°) was produced in 33%.
The post-operative angle changed before the removal of fixation in some patients. There was only a slight reduction of the mean angle in the AO-close and HD-close groups, but a higher rate of loss of correction was found in the HD-open group (Table 3 ). The greater amount of post-operative change before removal (irrespective of direction) was seen in the HD-open group (2.4°), whereas in the AO-close group this change was only 0.9°(P<0.1) ( Table 3 ). In all 3 groups a change of axis (0.5°) occurred in the period following the removal of the fixation and the completion of treatment. These changes can be attributed to the difficulty of accurate measurement (P>0.1).
Stabilisation was considered to be accurate if the postoperative change did not exceed 3°. The post-operative angle was maintained until this fixation was removed in 89% of patients on whom external AO fixation was used. The post-operative angle was maintained in 75% of the HDopen group, and 77% in the HD-close group. Post-operative changes in alignment were seen in the 2 closing wedge groups in either direction, both over-correction and loss of correction in an almost equal proportion of cases. Loss of correction was seen in 25% of the HD-open group, and there was no post-operative over-correction (Fig. 1) .
Discussion
After conventional closing wedge osteotomy, the bilateral fixation in the "AO-close" group was in place for a mean of 7.7 weeks. In "HD-close" with unilateral fixation, this period was not significantly different. But in "HD-open" with unilateral fixation was combined with an opening wedge osteotomy, the period was almost 10 weeks.
Another important parameter, which depends on the fixation device, is the attainment of the ideal post-operative angle. With the opening wedge technique, 1°per day of correction was continued until the correct axis was attained. This method guarantees optimal correction, but sev- eral radiographs are necessary. With the closing wedge technique, the definitive angle is achieved during surgery and only a single radiograph is needed. Most authors agree that in cases of medial gonarthrosis a slight over-correction of up to 2-5°towards valgus leads to better long-term results [2, [16] [17] [18] [19] . In our study an overcorrection of up to 2°w as found in 72% of patients with medial gonarthrosis while an overcorrection of 3-5°was found in 35%. It still remains difficult to achieve exactly the predicted alignment. Holden et al. [4] reported an average error of 1.6°, while Jackson and Waugh [6] found that in 35% of their operations the predicted axis was not achieved. In such cases external fixation, especially the unilateral version, offers the possibility to correct the angle post-operatively. This was done in 9.7% of our patients.
After surgery, firm stabilization during the healing period is important. Many fixation devices are not able to accomplish this fully, and in our study the post-operative alteration of the axis varied from 0°to 10°. Depending on the technique used, the post-operative mean deterioration varied from 0.9°to 2.4° (Table 3 ). In the opening wedge group, a change was always associated with loss of correction. In the two closing wedge groups, both loss of correction and over-correction were seen (Fig. 1) . Changes of axis have also been reported [2] where loss of correction in 70% of the operated knees was found at 10-year follow-up. In another study [7] it was reported that revision surgery was performed in 1.9% of patients Fig. 1 Percentage of post-operation changes greater than 3°before removal of fixator due to loss of correction. There have been no reports of loss of correction within the fixation period. A wide range of complications has been reported. Morrey [11] found complications in 5.9% of his patients; in another study [6] 158 complications were reported in 226 patients, and in the largest study [7] one or more complications were reported in 19.9% of cases (n = 783). In our study, complications were seen in 33% of all cases (Table 3) , and 36 complications in 22 patients led to further treatment ( Table 2) .
The most common complication was infection, and 22% of our patients required antibiotics. This is a higher percentage than that reported by Jenny et al. [7] with 2% and Ortlepp and Slegling [13] with 8%. However, patients who had been put in a cast for 2 monthsdid not have any infections [5] . In our study, infections of the wound were rarely seen in contrast to those of the pintract. Almost all the investigators who used external fixation reported a comparatively high rate of infection: Dinkelacker et al. [3] reported 4%, Menke [9] reported 10% and Wolfarth et al. [18] reported 16%.
Reports of the incidence of infections varies greatly in the literature, and comparison is made difficult since both internal and external methods of fixation have been used. It has to be stated, however, that 16% of our patients received antibiotic treatment because of pin-infections, which would not have occurred if external fixation had not been used.
No nerve palsies were seen in the opening wedge group, but these did occur in 10.6-18.4% of the two closing wedge groups. Most were only temporary and involved the peroneal nerve. Chronic palsy of the peroneal nerve was produced in only 1.9%, and there were no problems with the tibial nerve. Similar results have been reported: 2% of palsies occurred after immobilization in a cast [4] ; 2.4% occurred following the use of staples [2] ; 5.7% temporary palsies and 2.4% chronic palsies occurred after a plate had been used [7] ; 15% palsies, of which 5% were persistent, occurred where external fixation had been used [18] , and 15.7% of lesions, of which 7.9% lasted for more than 7 months, occurred where conventional osteotomy had been used [15] . There may be various reasons for the high percentage of this complication in our study. Kirgis and Albrecht [8] showed in an anatomic study that the distal Steinmann pin is often inserted in a high-risk area. Fibular osteotomy causes most of the nerve problems according to Sturz and Rosemeyer [17] . This would explain why palsies are seldom seen after open wedge osteotomies where the fibula does not have to be osteotomised. It is questionable whether the high number of temporary palsies in our study was caused by the fixation device. The HD-open group showed that it was more likely to be related to the fibula osteotomy.
Other complications were too rare to allow a distinction between the 3 groups, but there were 9 cases of delayed bone union. This problem has been seldom reported by other investigators. Jenny et al. [7] who used internal fixation with a plate reported 1 out of 783 operations with a pseudarthrosis, and Wildner et al. [19] who used a similar internal device reported 1.7% of delayed union.
This study has shown that proximal tibial osteotomy carries some risks when combined with external fixation, and the high proportion of pin infection requiring antibiotic treatment is especially alarming. Furthermore, these methods require many out-patient visits until bony union has been achieved in order to control alignment and infection. Where unilateral fixation was used, the treatment was prolonged and there was less stability. Should an external fixation method be chosen for this operation, it would be preferable to use a bilateral device because of the higher stability produced.
